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Abstract 

A pot experiment was conducted using tomato plants cultivated in sandy soil amended with 
different rates (0, 20, 40, 60, 80 t/ha) of sewage sludge collected from El-Gabal El-Asfar farm, Cairo. 
The same treatments were repeated for non-cultivated soil. Soil samples were collected at different 
periods (0, 3, 6, 9 and 12 months) to evaluate the release and accumulation of Cu, Zn, Cd, Pb in soil 
and plant. The results demonstrate that soil pH and CaCO3 content decreased with increasing sewage 
sludge application rate and time. Whereas, soil organic matter increased with increasing the 
application rate and decreased with time. The highest decrease in soil pH and CaCO3 was found after 
six months from the beginning of the experiment for both cultivated and non-cultivated soils. 
However, the decrease in cultivated soil was more than the non-cultivated one. The total content of 
Cu, Zn, Cd and Pb in soil increased in response to the increase in sludge application rate. No 
significant changes were observed in soil total metals in relation to the sampling time. The 
distribution of the different chemical fractions of Cu, Zn, Cd, Pb of the soil are as follows: residual> 
organic> oxides> carbonates> exchangeable. The mobile fractions and mobile factors (MF) increased 
up to 6 months from the beginning of the experiment, then decreased. The concentrations of DTPA-
extractable metals (Cu, Zn, Cd, Pb) in soil increased with the increase in sludge application rate. The 
values of DTPA-extractable metals Cu, Zn, Cd and Pb were higher in cultivated than in non-
cultivated soil until 6 months, then they decreased. The highest concentrations of extractable metals 
were found after 6 months from the beginning of the experiment.  The concentrations of Cu, Zn, Cd, 
Pb in tomato leaves and fruits increased with the increase in sewage sludge application rate. These 
metals were higher in leaves than in fruits. 
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Introduction 
Municipal and industrial sludges can have a beneficial effect on plant growth and crop yields 

when applied to soil because of their organic matter and nutrients content. However, sludges may 
also have concentrations of trace elements (e.g., Cd, Cr, Ni, Cu, Pb, and Zn) that are of 
environmental concern. Evaluation of the potential mobility and biological uptake of trace metal 
contamination in soil requires chemical or biological methods to quantify the fraction of soil 
contaminants available for biological uptake. Such information is important for predictive models 
and risk assessments in systems where the soil-plant pathway is a key contributor to potentially 
harmful effect to plants and animals. Single and sequential extraction methods have been used to 
estimate the pollutant concentrations available for plants uptake (He and Singh, 1993; Narwal and 
Singh, 1998; Singh et al., 1995, 1998, Badawy and Helal, 1997). Several extractants have been used 
to assess the potential bioavailability of heavy metals for plant uptake (El-Sokkary, 1979; 
Christensen and Huang, 1999; Kennedy et al., 1997; Aboulroos et al., 1996). According to Pickering 
(1998), multistep extraction procedures can obtain more detailed information about the status of trace 
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metals in soils relative to single extraction methods. Furthermore, the early stages to single extraction 
sequence obtain information comparable to that obtained from single extraction methods. The 
fraction of metals that is readily displaced from the reversible sorption phases can be regarded as 
mobile fractions. These fractions can be distinguished from those being irreversible sorbed and 
released after dissolution in the later stages in the extraction scheme (Salbu et al., 1998).  Little work 
was done to study the effect of time on the distribution of heavy metals among the extractable 
fractions (Sposito et al., 1983; Aboulroos et al., 1991). The aim of the present work is to evaluate the 
effect of sewage sludge application and the time factor on: i) the changes of the soil general 
characteristics.  ii) the distribution of the various fractions of Cu, Zn, Cd, and Pb in the soil.  iii) the 
accumulation of these metals in tomato leaves and fruits. 

 
 

Materials and Methods 
A pot experiment was conducted at the plant science department experimental farm, NRC, 

Anshas. Sandy soil (2.7% clay and 13% WHC) was used and amended with different application 
rates of sewage sludge collected from El-Gabal El-Asfar farm, Cairo-Egypt (the analyses of sewage 
sludge were; pH, 6.64; EC, 4.27; CaCO3, 3.35%; OM, 44%; total Zn, Cu, Cd, and Pb were 760, 219, 
5.2, 278 mg/kg, respectively). Treatments were arranged in a Randomized Complete Block Design. 
Each block included ten treatments (five cultivated with tomato plants (GS cultivar) as a biological 
indicator for heavy metals accumulation, and five un-cultivated) including a control treatment 
(recommended chemical fertilizer was applied at a rate of 286 Kg N/ha as ammonium sulphate, 143 
Kg P2O5 /ha as super phosphate and 167 Kg K2O/ha as potassium sulphate). Each treatment was 
replicated four times. Tomato seedlings, GS cultivar, were purchased from a local nursery. Each pot 
was filled with 5 Kg soil. Distilled water was used for irrigation throughout the growing period and 
the moisture conditions were kept at 65 to 70 % of water-holding capacity (WHC) of the soil. The 
experiment was repeated for another year. 
 
Soil Sampling and Analysis: 

Soil samples were collected at different periods from the starting time (0, 3, 6, 9, and 12 
months). The samples were air dried, crushed to pass through a 2-mm sieve, and stored for analysis. 
The general characteristics of soils and sewage sludge; pH, electrical conductivity (EC), organic 
matter (OM), water holding capacity (WHC), calcium carbonate content (CaCO3), and clay content 
were determined using the standard methods outlined by Dewis and Freitas (1970) and Jackson 
(1967). 
 
Total Metal Content: 

One-gram (dry weight) soil samples were digested using 12 ml of a mixture of HClO4 and HF 
(5:1 v/v) in platinum crucible (Jackson, 1967). The crucible was brought to near dryness, before 
adding a further 12 ml of the acid mixture, and again burning to near dryness. Finally, 1ml of HClO4 
was added and the sample was evaporated until the appearance of white fumes. The residue was then 
dissolved in 5 ml of concentrated HCl before making up to 25 ml with deionised water. Copper, Zinc, 
and lead were analyzied by Flame Atomic Absorption spectrophotometer and Cadmium by Graphite 
Furnace Atomic Absorption Spectrophotometer (GF-AAS). 

 
Sequential Chemical Extraction: 

The sequential extraction procedure of Tessier et. al.(1979) was used to partition Cu, Zn,Cd, 
and Pb in soils into five operationally defined fractions; 1) The exchangeable fraction: soils were 
extracted with 1M NaOAc, pH 8.2 at room temperature for one hour with continuous agitation; 2) 
The carbonate bound fraction: the reside from 1) was leached at room temperature for  five hrs 
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continuous agitation with 1M NaOAc, pH 5.0 ; 3) The Fe and Mn oxides bond fraction:  The residue 
from 2) was extracted with 0.04 M NH2 OH.HCl in 25% (v/v) HOAc at 96 ± 3 oC with occasional 
agitation for 5 hrs.; 4) The organic matter bound fraction: The residue from 3) was extracted with 
0.02 M HNO3 and 30% H2O2, pH 2.0 , for 2 hrs with occasional agitation at 85 ± 2 oC ; then 30% 
H2O2 for 3 hrs with intermittent agitation at 85 ± 2 oC ; after cooling 3.2 M NH4OAc in 20% (v/v) 
HNO3 was added.; 5)  The residue fraction: the residue from 4) was digested with HF- HClO4 using 
the same procedure employed for total. The resulting supernatants from each fractionation step were 
filtered before analysing the filtrates for metals by flame atomic absorption spectrophotometer and 
GF-ASS for Cd. using the standard addition technique. 
 
DTPA-Extractable metal: 

'Available' Cd, Co, Ni, and Pb were determined for all samples using 0.005 M DTPA 
(diethylene triamine penta acetic acid) using the methods of Lindsay and Norvell (1978). 
 
Plant Sampling and Analysis: 

Tomato plants from each pot, were collected at maturity stage (at early bloom when 
vegetative growth was completed according to Reisenauer, 1978), then leaves were separated. They 
were washed with tap water, rinsed with deionized water, oven dried at 60 oC, the dry weight was 
recorded. The leaves were mixed to form a composite sample, then ground using a micro-mill 
grinder. The dried samples were stored for metal analyses.  Tomato fruits were collected, as they 
ripe. Representative fruit samples were oven dried at 60 oC for analysis. Heavy metals (Cu, Zn, Cd, 
and Pb) content of plant materials were measured after digestion with HNO3 - H2SO4 - HClO4 acids 
mixture (Jackson, 1967). Copper, Zn, and Pb concentrations were measured using the Atomic 
Absorption Spectrophotometer and the GF-ASS for Cd. using the standard addition technique. 
 
 
Statistical Analysis: 

The data represent the results of two years, were subjected to analysis of variance, LSD, and 
correlation coefficient (r) using the microcomputer statistical analysis package (MicroStat). 
 
 
 

Results and Discussion 
General properties of the soil: 

Data of Table 1 show that the increases in sewage sludge application rate have resulted in a 
continuous increase in organic matter content (OM), and electric conductivity (EC), and partly 
decreased soil pH and CaCO3 content; the reduction in soil pH, approximately by one unit, CaCO3 
content by 25% and the increase in OM content from 5 to 7 fold, and in EC values by 2 times, 
comparing the control with the highest sewage sludge application rate at 0 time. These results agree 
with Aboulroos et. al., 1989; Topper and Sabey, 1986. A glance at Fig. 1. shows that time and 
vegetation factors affected the changes of OM, EC, pH, and CaCO3 of the soil. However, the changes 
were continuously decreased by increased time, the maximum reduction was after 6 months in 
cultivated soils but, soil organic matter was reduced more at un-cultivated soil. The reduction was 
approximately 0.7 and 0.6 unit for soil pH, 60 and 30 % for soil CaCO3, and 33 and 40 % for soil 
OM in cultivated and uncultivated soils, respectively. This could be due to the release of organic 
acids from sewage sludge and root exudates (El-Motaium and Badawy, 2000). 
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Table (1): changes in soil characteristics with increasing the rate of sewage sludge application 
     and time. 
 

Time (month) 
0 3 6 9 12 0 3 6 9 12 

Soil characteristics 
 

Treatment pH CaCO3  (%) 
Control 8.50 8.40 8.32 8.25 8.28 2.19 2.05 1.79 1.65 1.62 
20t/ha 8.15 8.02 7.65 7.78 7.89 1.61 1.56 1.12 1.23 1.24 
40t/ha 7.95 7.54 7.19 7.28 7.25 2.21 1.95 1.85 1.76 1.68 
60t/ha 7.80 7.46 7.25 7.37 7.35 1.77 1.44 1.15 0.79 0.76 

 
 

Cultivated 

80t/ha 7.65 7.11 7.00 7.16 7.20 1.65 1.45 0.85 0.68 0.51 
Control 8.54 8.44 8.45 8.40 8.40 2.32 2.25 2.10 2.10 2.00 
20t/ha 8.26 8.15 7.85 7.83 7.93 1.42 1.38 1.27 1.23 1.24 
40t/ha 8.00 7.50 7.23 7.35 7.40 1.60 1.60 1.38 1.59 1.55 
60t/ha 7.90 7.41 7.35 7.30 7.46 2.05 1.63 1.45 1.10 0.95 

 
Uncultivated 

80t/ha 7.80 7.26 7.22 7.41 7.44 1.65 1.50 1.10 0.80 0.65 
 OM (%) EC (mmohs/cm) 

Control 0.41 0.45 0.56 0.56 0.54 0.66 0.61 0.95 0.65 0.69 
20t/ha 0.92 0.85 0.74 0.69 0.65 0.82 0.61 0.95 0.66 0.54 
40t/ha 1.32 1.10 1.00 1.00 0.87 1.20 1.00 1.10 0.79 0.6 
60t/ha 1.86 1.45 1.25 1.20 1.00 1.7 1.31 1.18 1.35 1.19 

 
 

Cultivated 

80t/ha 3.20 2.67 2.15 2.00 1.58 1.84 1.50 1.44 1.12 1.02 
Control 0.42 0.41 0.42 0.40 0.39 0.69 0.68 1.00 0.63 0.64 
20t/ha 0.84 0.65 0.50 0.41 0.40 0.80 0.78 1.06 0.63 0.64 
40t/ha 1.23 1.00 0.80 0.77 0.70 1.11 1.09 1.40 0.73 0.74 
60t/ha 1.57 1.35 0.98 0.85 0.72 1.57 1.54 1.25 1.67 1.68 

 
Uncultivated 

80t/ha 2.30 2.10 1.25 1.16 1.00 2.01 1.97 1.78 1.37 1.38 
 
 
Distribution of heavy metals in soil: 
 The total contents of Cu, Zn, Cd, and Pb in soil are given in Table (2). The results show that 
the levels of heavy metals in soil increased with increasing application rate of sewage sludge. 
Comparing the content of heavy metals of the present study with maximum permitted metal loadings 
in the soils, established by the USEPA-503 regulation (McBride, 1995) showed that the permitted 
levels of Cu (750), Zn (1400), Cd (20), and Pb (150 mg/kg) were 30, 10, 15, and 5 times of their 
levels in the present soil at highest application of sewage sludge. 
 
Table (2 ): changes of the total content of various heavy metals (mg/kg) in sewage  

       sludge treated soil . 
Treatment Cu Zn Cd Pb 

Control 7.80 ± 0.65* 61.90 ± 3.73 0.45 ± 0.031 4.10 ± 0.25 
20t/ha 16.1 ± 1.27 66.60 ± 0.96 0.60 ± 0.071 9.98 ± 0.74 
40t/ha 17.5 ± 0.85 95.08 ± 3.21 0.75 ± 0.041 15.3 ± 0.50 
60t/ha 23.7 ± 1.12 102.6 ± 2.86 0.95 ± 0.088 20.3 ± 0.31 
80t/ha 25.2 ± 0.84 144.0 ± 4.58 1.35 ± 0.054 27.9 ± 0.59 

• Mean value  ± Standard Error 
 

The levels of the various fractions of each metal increased with increasing the sewage sludge 
application rate, i.e., followed the same pattern of the total content. The data in Table (3) showed that 
the soluble and exchangeable fractions (F1) represented only a small percentage of the total content, 
averaged to be 0.62± 0.23, 1.52 ± 0.65, 1.77 ± 0.67, 4.13. ± 1.65 % for Cu, Zn, Pb, and Cd, 
respectively. These lower percentages indicate that heavy metals applied to the soil from sewage 
sludge were strongly sorbed in non-exchangeable form.  Aboulroos et al., (1991); Badawy and Helal 
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(1997) showed that the soluble and exchangeable fractions represented only 1-5% from the total Cd, 
Co, Ni, Pb, Cu, and Zn content of the soil irrigated with sewage effluent. The carbonate fraction (F2) 
of heavy metals represented an average of 7.47 ± 0.85, 10.1 ± 0.66, 9.1 ± 1.74, 10.34 ± 0.81% for Cu, 
Zn, Pb, and Cd , respectively,  The Fe and Mn oxides fraction (F3) of heavy metals represented an 
average of 6.4 ± 0.95, 1.6 ± 3.39, 23.9 ± 4.40, 13.7 ± 3.28% from the total content for Cu, Zn, Pb, 
and Cd , respectively. The organic fraction (F4) of heavy metals represented an average of 35 ± 2.14,  
26 ±  1.20, 22 ± 1.11, 30 ± 1.95% from total content for Cu, Zn, Pb, and Cd , respectively. Also, the 
residual fraction of these metal approximately represented from 42 to 51% from the total content. At 
any given time the order of Cu, Zn, Pb, and Cd in the various fractions are as follows: residual> 
organic> oxides> carbonates> exchangeable. Distributions of different fractions of Cu, Zn, Cd, and  

Time (month)
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Fig.1. Chenges of soil OM, CaCO3 and pH as a fanction of time 
           and sewage sludge application rates.
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Pb expressed as percentages of the total and in relation with the time factor are given in Figure (2). 
This indicates that the soluble and exchangeable fractions and organic fraction increased  
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Table (3): percentage from total content of different fraction of various metals in soil  
    treated with different application rates of sewage sludge.  

 
Cu Zn Fraction* 

Range Average ± SD Range Average ±  SD 
F1 0.3 – 1.0 0.62  ± 0.23 0.5 – 2.5 1.52 ± 0.65 
F2 6.0 – 8.4 7.42  ± 0.85 9.0 – 11 10.1 ± 0.66 
F3 4.8 – 8.9 6.35  ± 0.55 14  – 23 17.1 ± 3.39 
F4 32  – 38 34.8  ± 2.14 25  – 28 26.4 ± 1.20 
F5 47  – 51 49.2  ± 4.67 50  – 53 51.2 ± 2.75 

Cd Pb  
Range Average ± SD Range Average ±  SD 

F1 2.0 – 7.0 4.13  ± 1.65 0.5 – 2.5 1.77 ± 0.67 
F2 7.0 – 12.0 9.10  ± 1.74 9.0 – 11 10.3 ± 0.81 
F3 18  – 28 23.9  ± 4.40 14  – 23 13.7 ± 3.28 
F4 21  – 24 21.9  ± 2.11 25  – 28 29.7 ± 1.95 
F5 40  – 44 41.8  ± 2.33 50  – 53 50.2 ± 1.67 

*F1.= exchangeable; F2 = bound to carbonates ; F3 = bound to Fe and Mn oxides; F4 = bound to organic matter; F5= Residual 
 
 
with time up to 6 months then decreased gradually. The carbonates fraction decreased according to 
Aboulroos et. al., (1989) due to the release of organic acids from sewage sludge, whereas, the oxides 
fraction increased with time. This may be due to metal transformation from soluble and exchangeable 
to oxide form, Aboulroos et al., (1991). 

The relative distribution shows that the concentrations of heavy metals decreased in the 
mobile fractions with time, {(compare 0 time (start) with 12 months (end)}, approximately 29, 17, 
51, 43 % of Cu, Zn, Cd, and Pb, respectively. The exchange of Cu, Zn, Cd, and Pb between mobile 
and inert fractions was estimated by calculating a mobility factor (MF) {the ratio of mobile to inert 
fractions}. Selected mobility factor for cultivated soil at 0 time (start), 3, 6, 9, and 12 month (at end) 
are presented in Table (4). This indicate that the value of MF increased with increasing the time, up 
to 6 month then it decreased with time. It should be mentioned that low values of MF indicate low 
mobility of the metals. Almas et al. (1999) found that the concentrations of mobile fractions 
decreased and of inert fractions increased with time in soil treated with organic matter. The MF of Cd 
is higher than other metals (Cd > Pb > Zn > Cu) this due to the organic complextaion of Cd is lower 
than this metals (Fig. 3). 
 
 
Table (4): Mean values of mobility factors (MF) for soil heavy metal contents at different 
                time of starting the experiments with 80 t/ha application rates sewage sludge.  

MF Time 
 (months) Cu Zn Cd Pb 
0 (start) 0.088 0.127 0.168 0.139 

3 0.099 0.137 0.169 0.141 
6 0.150 0.159 0.220 0.196 
9 0.067 0.108 0.129 0.104 
12 0.048 0.067 0.099 0.064 
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DTPA-extractable heavy metals: 
Data in Table (5) show a substantial increase in the DTPA extractable metals due to the 

increase in sewage sludge application rate, followed the same pattern observed with the total metals 
content. Comparing the values of the highest treatment of sewage sludge with the control, these 
increased in the order: Cu 17 times < Zn 12 times < Pb 11 time < Cd 6 times. The DTPA- extractable 
Cu, Zn, Cd, and Pb are negatively correlated with soil pH (r = -0.837**,  -0.915**,  -0.644**, and -
0.884**, respectively), soil CaCO3 content (r  = -0.519**,  -0.668**, -0.594*, -0.674**, 
respectively), and positively correlated with soil organic matter content (0.544**, 0.573**, 0.545**, 
0.595**, respectively). 

The percentage of the total content of heavy metals extracted by DTPA (Table 6) varied 
widely from one metal to another, indicating wide variations in their relative availability. These 
percentages, increased in the order: Zn 4% < Cu 8.5% < Cd 9% < Pb 10 % at the highest sewage 
sludge application rate. Figure (4) shows the continuous increase in soil DTPA extractable Cu, Zn, 
Cd, and Pb with increasing the sewage sludge application rate. The maximum increase happened at 6 
months in relation to the decrease in soil pH and CaCo3. The availability of these metals to plants 
decreased after 6 months, indicting transformation of a part of accumulated metal from available to 
unavailable form with the time. A glance at the data in Table (6) indicated that vegetation increased 
the percentages of DTPA extractable Cu, Zn, Cd, and Pb comparing with uncultivated soils up to 6 
months, after which a reduction of these metals occurred, due to plant uptake In uncultivated soil 
they decreased, but still more than the cultivated soil. 
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Table (5): DTPA extractable-metals (mg/kg soil) in soil  amended with  different sewage sludge       
                application rates at different periods time of time. 
 

Time (month) 
0 3 6 9 12 0 3 6 9 12 

Metal  (mg/kg soil) 
 

Treatment Cu Zn 
Control 0.17 0.26 0.40 0.45 0.51 0.48 0.45 0.42 0.30 0.61 
20t/ha 0.20 0.18 4.06 1.32 1.22 2.52 4.20 6.13 4.65 4.07 
40t/ha 2.66 4.17 5.61 2.07 1.97 4.52 6.00 8.45 5.98 5.36 
60t/ha 2.65 5.30 6.96 2.50 2.80 5.23 7.60 10.15 6.63 6.17 

 
 

Cultivated 

80t/ha 3.46 5.44 8.52 3.02 3.83 6.40 8.87 13.82 7.98 7.83 
Control 0.17 0.40 0.78 0.65 0.70 0.48 0.35 0.42 0.48 0.45 
20t/ha 0.20 0.29 1.84 3.00 2.67 2.52 3.70 5.13 5.40 4.75 
40t/ha 2.66 3.10 4.65 3.93 3.12 4.52 5.80 7.45 6.30 5.67 
60t/ha 2.65 3.79 5.13 4.30 3.1 5.23 5.50 8.40 7.80 7.50 

 
Uncultivated 

80t/ha 3.46 4.94 6.50 5.94 4.62 6.40 6.15 10.75 9.25 8.25 
 Cd Pb 

Control 0.02 0.03 0.03 0.01 0.01 0.23 0.25 0.27 0.25 0.24 
20t/ha 0.04 0.10 0.14 0.10 0.10 0.97 1.40 2.29 1.45 1.25 
40t/ha 0.07 0.11 0.20 0.13 0.13 1.25 2.57 3.13 1.98 1.75 
60t/ha 0.80 0.14 0.30 0.16 0.15 2.11 2.93 4.45 2.50 2.47 

 
 

Cultivated 

80t/ha 0.12 0.20 0.42 0.22 0.22 2.69 3.65 5.54 3.35 3.27 
Control 0.02 0.03 0.04 0.01 0.03 0.26 0.21 0.25 0.27 0.26 
20t/ha 0.05 0.06 0.14 0.12 0.11 0.97 1.29 2.04 1.85 1.39 
40t/ha 0.07 0.09 0.16 0.15 0.14 1.25 1.70 2.50 2.40 2.10 
60t/ha 0.08 0.11 0.20 0.18 0.17 2.11 2.53 3.13 3.47 3.00 

 
Uncultivated 

80t/ha 0.11 0.15 0.29 0.24 0.22 2.67 3.01 4.70 4.20 4.00 
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Table (6): Changes in soil DTPA-extractable metal as a percentage from total contents. 
 

Time 
(month) 

Cu Zn Cd Pb 

 Cultivated Uncultivated Cultivated Uncultivated Cultivated Uncultivated Cultivated Uncultivated 

0(start) 9.35 8.05 4.05 4.27 9.05 8.17 9.78 10.27 
3 14.7 13.54 5.61 4.16 15.5 11.11 13.27 11.58 
6 23.06 17.50 8.75 7.17 32.62 21.42 20.45 18.08 
9 9.17 16.05 5.05 6.17 17.05 17.89 12.18 16.15 
12 10.36 12.49 4.97 5.50 17.00 16.35 11.89 15.38 

 
 
 
 
Heavy metals in plant: 

Data in Table (7) show that the concentration of Cu, Zn, Cd, and Pb in leaves and fruits 
increased with increasing sewage sludge application rate to the soil. The results indicate that the 
concentration of heavy metals in the leaves are higher than the fruits. The absolute values of these 
metals in the leaves are different from metal to another. This depends on the sewage sludge content 
and the availability of these metals in the soil which are controlled by different soil parameters 
(CaCO3, pH…etc.). The values of these metals followed the order Zn  > Cu > Pb > Cd. The increase 
in metals content at the highest sludge application rate compared with the control was 6 for Cu, 2.5 
for Zn, 14 for Cd, and 20 fold for Pb; for leaves and 5 for Cu, 2 for Zn, 31 for Cd, and 25 fold for Pb 
for fruits, respectively. The concentration of Cd in tomato leaves and fruits are higher than normal. 
The intermediate concentration of Cd reported by Adriano (1986) was <0.30 ppm for leaves and 
0.04-0.06 ppm for fruits.  However, the concentration of Pb is within the normal range compared 
with tomato leaves grown in uncontaminated soil (6.3 ppm for leaves and 1.19 ppm for fruits) as 
reported by Chapman (1975). A highly significant correlation coefficient was found between both 
leaves and fruits, and soils DTPA-extractable content of Cu, Zn, Cd, and Pb (0.964** and 0.912**; 
0.914** and 0.945**; 0.867** and 0.794**; and 0.887** and 0.909**, respectively).  
 
 
 
Table (7):  Heavy metal concentrations (mg/kg dry matter) in different tissues of tomato plants  

      grown on soil treated with different rates of sewage sludge. 
Cu Zn Cd Pb  

treatment leaves fruits leaves fruits leaves fruits leaves fruits 
control 3.8 2.00 28.9 22.5 0.09 0.04 0.14 0.05 
20 t/ha 12.8 6.52 45.8 30.5 0.54 0.39 1.42 0.56 
40 t/ha 15.6 8.34 69.5 35.8 1.10 0.68 1.85 0.69 
60 t/ha 18.9 9.20 75.9 38.8 1.34 0.85 2.54 0.84 
80 t/ha 22.5 10.58 86.5 42.5 1.75 1.25 3.25 1.25 

L.S.D.0.05 2.92 1.55 4.56 2.58 0.21 0.14 0.27 0.08 
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